seven cities and provinces began to set up regional carbon emissions to test for a national carbon deal. In 2015, China announced that it had established a carbon emissions trading market in 2017 at a bilateral meeting. In 2018, China will improve relevant legislation on the carbon market, and by 2019 the national carbon trade will finally enter the trial operation [7] .
For our purposes, how to allocate the greenhouse gas emission reduction burdens has become one of the most popular and complex issues for domestic and foreign researchers [8] . It is an imperative need to evaluate the effectiveness and equity implications of using different mechanisms to reduce carbon emissions. [9] emphasized that with an increasing public desire to regulate carbon emissions, adopting renewable energy standards and green building codes is an effective measure. [10] estimated China's CO 2 emissions in 2002 and 2007 by using a production-based and a consumption-based measure at the sector industry level. [11] drew the carbon flow of China for 2008 to reveal the characteristics of carbon flow and emissions in China, including not only the energy-related carbon emissions, but also the process emission. [12] investigated the policy relevance of strategic partitioning of emission allowances in the context of actual and prospective EU climate policies, simultaneously examining the potential effects of such strategic behavior on compliance cost and emissions prices. [13] assessed the potential of CO 2 mitigation in buildings, and investigated the economic factors that determine energy-related CO 2 emissions in China's commercial and residential buildings. [14] held the view that the allowance mechanism is one of the core and most sensitive aspects in the design of a carbon emissions trading scheme.
Undoubtedly, the allocation of CO 2 emissions may be performed at different levels [15] , and the type of allocating CO 2 emissions may be classified into three categories. The first category focuses on the allocation among different countries. Based on the principle of "common but differentiated" responsibility, [16] selected eleven proposals that are presently prevailing around the world, and discussed the matter of "equity and justice," which has become one of the most controversial issues in climate debates. [17] presented a carbon Lorenz curve and Gini coefficient to identify potentially unfair use of international aviation carbon emission rights in different countries. By establishing an equitable access to sustainable development model, [18] measured carbon equity after allocating from the global rather than the narrower national perspective. [19] presented an analysis on how effort-sharing approaches affect emission allowances and abatement costs of China and India; the second category concerned allocation among different provinces in China. [20] proposed regional allocation based on equity and development principles, emphasizing equity and development strategies. Given that a fixed national emission reduction target could be achieved by imposing emission quotas among different regions, [21] proposed a novel nonlinear programming approach to investigate the optimal carbon emission quota allocation for China, by developing a performancebased model to measure the opportunity cost of CO 2 emission reduction and using a variable coefficient model to simulate carbon dioxide emission abatement cost, then obtain the optimal emission quota. The third category regards allocating CO 2 emissions on some specific sectors. By making an in-depth exploration in China's electricity sector and the characteristics of a sector's inner structures, [22] reviewed the factors that related to CO 2 mitigation potential and costs. By constructing a mathematical model, [23] investigated the impacts of carbon allowance allocation policy in the transportation industry, it reflected that for the sake of maximizing profits, industry managers should consider different carbon allowance allocation constraint scenarios.
When allocating carbon emissions, considerable research has been advocated and applied by the different principles and allocation criteria. Equity principle has considerable variation in implications of distributive justice, it will be important for decisionmakers to clarify concepts of equity during the course of allocating carbon emissions [24] . [25] deconstructed the general principles of equity into egalitarian, sovereign, horizontal, vertical, and polluter pay equity. In order to arrive at "fair," [36] presented a sectoral approach to burden sharing, and distributed the burden of emission reductions as a limitation of coal use for power production, minimum requirements for renewable energy, and minimum energy efficiency improvement rates in industry. [27] provided an allocation scheme by considering historical emissions and future needs for developed and developing countries simultaneously, and analyzed the peak years and associated abatement costs with different starting years.
Meanwhile, plenty of scholars are interested in allocating the carbon quotas by means of two major approaches of allocation: free allocation and auction. Within a free allocation there are two acceptable ways to allocate carbon quotas: grandfathering and benchmarking. [28] considered the free allocation of emission allowances in a dynamic context and believed that grandfathering schemes which allocate allowances proportionally to past emissions are first-best. [29] derived optimal grandfathering schemes under the condition that relocation is averted with a minimum of transfers to a firm. [30] compared the mechanisms of grandfathering and benchmarking, and held the view that benchmarking can more effectively motivate manufacturers and retailers. [31] analyzed the proposal of "South-North Dialogue," and implied that those approaches were based on the criteria of responsibility, capability, and potential. According to the emission trading policy in Korea, [32] divided the emission trading scheme into two stages in the electricity sector, and found that the auction is the most powerful policy for the initial allocation of emission allowances.
As for the method of carbon allowance allocation, [33] measured operational efficiency with the Malmquist Index, in which power capacity, coal consumption, and employee number are used as input variables and power generation as the output variables. [34] built a carbon dioxide emissions allocation mechanism based on the radial zero sum gains data envelopment (ZSG-DEA) allocation model, and used the ZSG-DEA model to allocate carbon dioxide emissions between different Chinese provinces. [35] applied the inputoutput model to explain the relationship between China's inter-regional spillover of carbon dioxide emissions and domestic supply chains for 2002 and 2007.
Traditional CO 2 emission allocation is generally focused on the distribution of different regions and the geographical location [36, 37] . This kind of allocation problem arises mainly from two angles, one is the international distribution of responsibility between different countries, the other is among the different provinces. There is little research on the distribution of emission reduction responsibilities between different industries from the perspective of a country's industry. Undoubtedly, industry is the main source of energy and resource consumption and pollutants in the country, while meanwhile it seriously impedes sustainable development. In this sense, a necessary but changeable step is to reach a consensus on the responsibility sharing of CO 2 emission reductions among different industry sectors. In different terminal sectors, related carbon dioxide reduction policies should be targeted, for the reason that the main carriers of CO 2 flow are different [38] . Therefore, it is critical to investigate the influence of factors of CO 2 emissions changes in the major industries so as to provide recommendations for policy makers.
In this paper, we propose a new perspective on the allocation of carbon dioxide emissions by decomposing the national emission reduction target into industrial sectors by illustrating the super-SBM model dealing with undesirable outputs to measure the emission efficiency of carbon dioxide. Simultaneously, it must be based on the principles of egalitarianism, equity, and efficiency in order to construct a comprehensive index and analyze the strategies of carbon dioxide emissions at industry sectors. This will provide a reference and basis for a future national allowance allocation at the sector level.
Material and Methods

Indicator Selection
We select accumulated carbon dioxide emissions, industrial added value, and carbon dioxide emissions efficiency as indicators for emission reduction responsibility, capacity, and potential, respectively, to quantify the burdens each industry might shoulder ( Table 1 ).
The Assumptions of the Model Are as Follows
Responsibility
As we all know, the more historical cumulative emissions of carbon dioxide industry, the greater contribution to the global greenhouse, and they should bear the responsibility [39] [40] [41] . Since the climate negotiations, the international community has had a heated discussion on the issue of allocating responsibility for emission reduction and the issue of equitable distribution of carbon dioxide emission rights. In particular, the principle of fairness on the allocation of carbon dioxide emissions refers to how every industry should have equal rights of carbon dioxide emissions. In addition, the industries that have accumulated more carbon dioxide in history will contribute more to global warming, so the greater the burden of reducing emissions they should bear.
Capacity
Carbon intensity control of industrial sectors need to adjust the energy structure, improve the efficiency of energy consumption, introduce new technology, and so on, it will need a lot of money. In practice, the economy and emissions capital investment ability are varied from industries. Particularly, the capacity principle is on behalf of the ability of industry funds to undertake the costs of reducing emissions while The greater the value added value of the industry, the stronger the economic emission reduction ability, and the greater the burden of emission reduction.
Capacity CO 2 emission efficiency Efficiency The lower the efficiency of CO 2 emission in the industry, the more unfavorable the control of the national emission intensity Potential ensuring their own stable development. Different industries have different economic backgrounds and outputs, and the added value of its representing the industry to create new value in the process of production operation also represents industry's contribution to the gross domestic product (GDP).
More value-added industries will be more capable of cutting emissions, and the feasibility of reducing emissions will be higher [42] [43] [44] .
Potential (CO 2 Emissions Efficiency 2005)
CO 2 emissions efficiency is for the dimension of reduction potential, which means one industry with high CO 2 emissions efficiency has more room to increase the emission reduction efforts. In contrast, the lower the efficiency of CO 2 emission in the industry, the greater the responsibility for CO 2 emissions reduction. It can also be understood as carbon resource configuration optimization principle, reflecting the principle of coordinated development of economy and environment -namely the limits on emissions of CO 2 limited space, as much as possible in order to obtain the biggest economic output. With global environmental problems, the greenhouse effect has caused especially widespread concern, and different scholars have proposed different methods or indicators to evaluate the efficiency of CO 2 emissions. [45] introduced a concept of industry CO 2 emissions efficiency and relative design and industry CO 2 emissions coefficient to measure it. Based on the stochastic non-radial model, [46] evaluated energy efficiency, CO 2 emissions efficiency, energy-saving potential, and CO 2 emissions reduction potential in China. [47] applied an inseparable input-output measure model to analyze eight container ports with CO 2 emissions in China.
Estimation of Carbon Emissions
In the process of production, coal, carbon, oil, and other energy inputs inevitably lead to emissions of carbon dioxide and other pollutants. We employ the normalized approach recommended by the Intergovernmental Panel on Climate Change in the IPCC guideline to assess China's CO 2 emissions [48] , which can be calculated according to the following Eq. 1: (1) …where i indicates different fossil fuels, including coal, coke, crude oil, gasoline, kerosene, diesel oil, fuel, natural gas, and power. E i represents total consumption of different kinds of energy; K i and M i represent conversion coefficient and CO 2 emissions conversion coefficient, respectively; and parameter 12/44 is the ratio between the mass of one carbon atom and the mass of one carbon dioxide molecule. As shown in Table 2 .
Super-SBM Models
As an environmental pollutant, carbon dioxide is the undesired output generated by industry to obtain the desired output. There's discrepancy between industries at energy consumption demand, production technology, production process, and carbon dioxide emissions. [49] evaluated the unified efficiency of China's industrial sector by applying a non-radial DEA model. [50] proposed an improved super-SBM model dealing with undesirable outputs, and measured energy efficiencies of various industrial sectors in China. The super-SBM model has the high discriminating ability for further ranking the efficient DMUs that are particularly suitable for dealing with CO 2 emissions [51, 52] constructed the calculation model based on slack variable (slacksbased measure, SBM). The slack variable directly into the objective function formed a kind of radial, and the angle of efficiency measurement method can avoid radial deviation and the selection of angle difference. [53] held the view that slack is often not captured by ). The efficiency value of the super-SBM model will exceed 1, which can overcome the defect that cannot be compared with the efficiency of the previous effective unit, and can further accurately compare the effective value of unit efficiency. This paper uses a panel of 42 industries in China from 2005 to 2015 to investigate the optimal carbon emission quota allocation among industries. Like many previous studies, labor, capital stock, and energy are introduced in the model as input factors, value-added of the industry is used as a sole desirable output, and CO 2 emission are used as an undesirable output. [55] evaluated the industrial CO 2 emissions efficiency, and emissions for the 30 provinces in China. This indicates that the efficiency of undesired outputs can be calculated by the ratio of the undesired output value to the pre-optimal output value; therefore, we can define CO 2 emissions efficiency (Ce) as Eq. 3:
Allocation Method for China's Intensity Reduction Target
Comprehensive Emission Reduction Index Construction
The comprehensive index of emission reduction R i is constructed based on the three indicators of capacity, responsibility, and potential, which are quantified by the historically accumulated CO 2 emissions, industrial added value, and CO 2 emissions efficiency. The higher the value of R i , the more reduction burden an industrial sector needs to shoulder. The index of θ i is calculated by the following formula: (4) …where θ i is the comprehensive index for i industrial sector; A i represents the performance of responsibility allocation indicators under the principle of fairness of the industry (namely the cumulative carbon dioxide emissions of i industries), and the greater the value in the industry, the greater the burden will be borne; B i represents the principle of industry feasibility, namely the value added value of i industries, and the greater the added value of the industry, the greater the burden of emission reduction; on behalf of the principle of responsibility allocation performance indicators, C i represents carbon dioxide emissions efficiency, which is calculated by the super-SBM efficiency evaluation model where the smaller the value, on the contrary, the greater the burden the industry may shoulder; i represents 42 industrial sectors of China (i = 1, 2, . . . , 42); and ω 1 , ω 2 , ω 3 are the weights for the three indicators, representing the tendency of decision makers to assign principles in the allocation plan, and satisfying the equation ω 1 +ω 2 +ω 3 = 1.
The multi-indicator weighting allocations of eight cases are shown in Table 3 .
Case 1, equal weights, considers three allocation principles, and the distribution of three principles gives the same preference. Case 4, preference for potential, means that potential is of significance to carbon dioxide intensity reduction target.
Entropy Weighting Method
Entropy weighting method is a mathematical method to calculate a comprehensive index based on the comprehensive consideration of the information provided by each factor. As an objective comprehensive weighting method, it determines the weight according to the amount of information transmitted to the decisionmaker.
The emission reduction weighting decision making matrix A of the three indicators for the industrial sectors is given as below: (5) …where r ij represents the value of indicator j for industry sector i (i = 1, 2, 3, . . . , n; j = 1, 2, . . . , m). Then, due to the different units, normalization is conducted as follows: (6) The standardized decision making matrix is as follows: (7) The entropy of each indicator can be calculated after standardizing statistical data. The entropy H i of the ith indicator can be defined as: (8) …where k = 1/lnn, suppose c ij = 0, then c ij lnc ij = 0. The weighted entropy value is obtained using the following equation: As for each industry, the relationship between the residual coefficient and carbon intensity also exists. The bigger the comprehensive index, the greater the carbon intensity reduction burden that the industrial sector might take. This means that carbon intensity may be reduced to a lower level if the β i value is smaller. In addition, since the marginal abatement cost increases, the cost of cutting one more unit of emission rises, and therefore the marginal mitigation burden should diminish. This trend can be manifested by processing the comprehensive index as a natural logarithm form, with the function of β i defined as follows: (12) The CO 2 emission amount of China in 2030 can be expressed by Eqs. (13) and (14): (13) (14) …where Ə is the parameter to be estimated, CE 2030 is the CO 2 (14), we obtain the mathematical expressions of parameter a as follows: (15) Based on the value of Ə, we can get the residual coefficient of βi , which means that the carbon intensity per unit of GDP in 2030 might be reduced to βi times that of 2005. We obtain the carbon intensity value accordingly. If each industrial sector achieves this carbon intensity value, the national carbon intensity reduction target will be met.
Data Source and Processing
According to the data and processing methods, we calculate the values of three indicators in 42 industrial sectors in China (Table A1 ). This paper proposes a carbon intensity reduction target allocation method at the industry level in order to provide decision makers with reference information to distribute the mitigation target. The data source and processing method are as follows:
Labor is represented by the number of annual average employees in the industrial sector as sourced from the China Statistical Yearbook and China industrial statistics yearbooks from 2005-2015.
For capital, we utilize the outstanding net value of fixed asset of the enterprises above designated scale as the proxy for capital input. The data are collected from the China Statistical Yearbook.
Energy is the total energy consumption of subindustries as the proxy for energy input. The data are collected from the China Statistical Yearbook.
Desirable output is the industrial added value data Undesirable output data are collected from the National Bureau of Statistics, the China Statistical Yearbook, and the China Energy Statistics Yearbook. Most of the CO 2 emitted by the electricity sector is utilized for producing electrical power, therefore, the actual energy consumption of the electricity sector is only the energy consumption corresponding to the selfuse of electricity.
Based on these data, accumulated carbon dioxide emissions of 42 Table 4 . This suggests that the median of different indicators is smaller than the mean value, and a larger standard deviation shows the unbalanced production status of different industrial sectors, which is more prominent in terms of desirable outputs and undesirable outputs.
Results and Discussion
CO 2 Efficiency Performance in China's Industrial Sectors
Spearman's coefficient shows that the DMU production process has some so-called "isotonicity." In addition, the correlation between inputs and undesirable outputs is insignificant, in line with the actual production expectation (Table 5) . Therefore, CO 2 efficiency measured by the super-SBM model is reliable, and the research results are completely believable. According to Eq. 1., we calculated the total of CO 2 emissions from 2000 to 2015 (as presented in Fig. 1) . Meanwhile, based on the super-SBM models analysis mentioned above, we can obtain the CO 2 emission efficiency of 42 industrial sectors. Obviously, there exist distinct differences in terms of CO 2 emissions efficiency among various industrial sectors. As can be seen from Fig. 2 , other mining industry and manufacturing of waste resources and materials recycling and processing have the highest CO 2 emissions efficiencies, which ranged from 1 to 1.8 from 2005 to 2015. Additionally, almost all of agriculture, forestry, the fishery industry, tobacco manufacturing, wholesale, retail, accommodation and catering, manufacturing of metal products, and the construction industry are more than 1, except for a few years. Thus, in comparison with others, these industrial sectors have reached the frontier of production, relatively more advanced technology, and less pollution.
Some studies suggest that in the process of efficiency evaluation, by adjusting input and output variables, the efficiency of carbon dioxide emissions will increase to 1, which will be optimized. It can be seen that the carbon dioxide emission efficiency has a close relationship with the output. However, it is not accurate to assign the responsibility only through the efficiency of carbon dioxide emissions during the distribution of emissions. Inefficient industries should certainly undertake larger emission tasks. However, in the process of carbon allowance allocation, the description of efficiency indicator is not comprehensive, which means that in order to make the allowance more equitable and reasonable, we should take into consideration multiple indicators.
Comparative Analysis of Multiple Indicators
Characterization of Equal Weighting
Under the equal weighting case, we assign the reduction burden according to the indicator values for capacity, responsibility, and potential equally (see Fig. 3.) . According to the allocation results, the 42 industrial sectors can be divided into four categories of high, medium high, medium, and low reduction burdens. The first category contains four industrial sectors, whose intensity reduction burdens are more than 65%. The second and third categories contain 10 industrial sectors with intensity reduction burdens from 65% to 50% and 18 industrial sectors with intensity reduction burdens from 50% to 35%, respectively. The fourth category contains three industrial sectors, whose intensity reduction burdens are less than 35%.
We make a comparison of the four categories and analysis the characteristics by integrating the indicators. Manufacturing of oil processing, coking, nuclear fuels processing, smelting and the rolling process of ferrous metal, manufacturing of non-metal products, ferrous In the second category, production and supply of electricity, heat, gas and water, coal mining and washing, construction industry, manufacturing metal products, oil and natural gas mining, smelting and rolling process of non-ferrous metal, and the manufacutre of communication devices, computers, and other electronic devices and textile manufacturing have high accumulated CO 2 emissions and industrial value added, whereas the production and distribution of gas, paper making, and paper products manufacturing, and the manufacture of chemical fibers all have low values for industrial value added. Specifically, manufacturing metal products and the construction industry with the value of CO 2 emissions efficiency is 1, while all of the industrial sectors in the third category have low accumulated CO 2 emissions, industrial value added, and high CO 2 emissions efficiency. In contrast with the first three categories, the accumulated CO 2 emissions and industrial value added are the lowest of the fourth category, and other mining industry, furniture manufacturing, manufacturing of instruments, cultural and official mechanics, and handicrafts and other manufacturing have higher CO 2 emissions efficiency, though the value of nonferrous metal mining, leather, fur, feather, and related products manufacturing, printing, and record medium reproduction manufacturing, cultural, educational, and sports goods manufacturing and production and distribution of water range from 0. 14 to 1. In contrast, this is higher than most of the industrial sector in the first three categories. According to the results above, it is can be concluded that an industrial sector with high indicators of historical accumulated emissions and carbon intensity will shoulder more intensity reduction burden. Thus, the industrial sector with the heaviest reduction burdens are those with two high indicators for the equal weighting case. Fig. 4 shows that manufacturing of oil processing, coking, and nuclear fuels processing, wholesale, retail, accommodation and catering, agriculture, forestry, the fishery industry, smelting, and rolling process of ferrous metal, transportation, storage and postal service, manufacturing of non-metal products ferrous metal, manufacturing of raw chemical materials and chemical products, and production and supply of electricity, heat, gas and water assumed greater responsibility for emission reduction. The main characteristics of these industries are: high energy consumption, low CO 2 emission efficiency, and high historical accumulated emission. In the process of China's economic development, various industries have to coordinate the relationship between their own development and environmental protection, rationally utilize resources, reduce energy consumption, and improve energy efficiency targets. Hence, industrial structure adjustment is an important strategy. On the one hand, the adjustment and establishment of a reasonable industrial structure can promote economic and social development, and on the other hand, it can adapt the industry to the change of market demand. To adjust industrial structure unreasonable industry, make the coordinated development of various industry departments, and provide products, services, and employment opportunities for social needs. At the same time, applying advanced industrial technology can obtain the best economic benefits.
Characterization of Preferred Responsibility Case
Characterization of Preferring Capacity Case
Compared with equal case, the responsibility for reducing emissions of Other Mining industries comes into the first category. The main reason is that the industrial added value of other mining industry rank high in the 42 industrial sectors. This confirms the assumption that industries with more added value must be more capable of reducing emissions, and the feasibility of reducing emissions will be higher. At the same time, our country has set up a carbon trading market under which companies will be assigned an emissions quota and will be able to profit from selling excess permits to other firms if they are below their quota. In the process of pilot exploration, we should gradually establish a sound methodology system, and foster more third-party certification bodies, and establish a nationwide registration system. We should explore the formation of an emission rights distribution system, price formation system, and emission reduction incentive system (Fig. 5) .
Characterization of Preferring Potential Case
The results in Fig. 6 show that the responsibility of leather, fur, feather, and related products manufacturing, production and distribution of water, printing and record medium reproduction manufacturing, manufacturing instruments, cultural and official mechanics, cultural, educational and sports goods manufacturing, furniture manufacturing, other mining industry and manufacturing of waste resources and materials recycling and processing emissions responsibility is low. The main reason is that these industries in aspects such as human resources and energy input is less, and the phenomenon is mainly related to the social demand. But it does not mean that the industry contribution rate of carbon dioxide is very low, and does not need to control and develop policies. China is in industrialization accelerate process, the manufacturing industry is the main power of economic growth, most of these industries belong to the second industry, the overall sustainable development of the economy is at a low profit, under powered industry chain at the bottom. Based on this, we should further promote the marketization of energy prices on the basis of fully considering economic affordability while taking into account the role of structural adjustment and technological progress.
Characterization of Entropy Method Case
In summary, in the process of contrasting allocation system, it is of vital importance to incorporate equity and fairness as well as select appropriate indicator selection, considering the industrial sector's actual situation and development status. Hence, in order to eliminate the influence of different preferences on the distribution results, this paper uses the allocation model based on entropy method to make a comparison. The entropy method is a kind of objective weighting method. It makes use of the inhomogeneity of data itself to reflect the importance of indicators, and gives an objective weight to allocate the carbon quotas more accurately. Compared to the allocation method based on equal weights, the allocation results based on entropy method seems more reasonable. The result in Fig. 7 further proves the conclusion that the industrial sector with high indicators of CO 2 accumulated emission will shoulder more reduction burden.
Conclusions
By building a carbon intensity distribution model, this paper allocated China's national responsibility distribution among the various industries. Based on the results, the main conclusions and policy suggestions are as follows: 1) Research has shown that the CO 2 emissions efficiency of manufacturing of oil processing, coking and nuclear fuels processing, manufacturing of non-metal products ferrous metal and smelting and rolling process of ferrous metal is lower from 2005 to 2015. The reason is that the cumulative carbon dioxide emissions of these industries are higher, while the added value of the industry is lower, resulting in lower CO 2 emission efficiency, and has not shown a convergence trend. Furthermore, they are typical energy-intensive and highly polluting industries, and therefore the input and output is unreasonable. In summary, it is required to pay more attention to adjusting industrial structure, controlling production, and developing such industry. 2) Under multiple indicators, whatever the inclination of policy makers, manufacturing of oil processing, coking, and nuclear fuels processing and smelting and rolling process of ferrous metal are assigned more carbon dioxide intensity reduction burden, at more than 70%. The comment of those industries is that they have at least two higher indicators. In addition, the tendency of decision makers on different allocation principles has a great impact on the distribution of emission reduction responsibility in some industries, particularly in leather, fur, feather and related products manufacturing, and the manufacture of instruments, cultural, and official mechanics. They all exhibit a common characteristic in that the gap between preferring potential case and preferring capacity case is over 10%. This study demonstrates that these industries require less input but have stronger economic capacity. Therefore, their responsibilities are reduced when the decision maker is biased toward the capacity case.
In the future, the state mandatory reduction internal responsibility can be conducted at a regional perspective, and the allocation of the regional can also start from the industry perspective. When assigning responsibility for carbon dioxide emission reduction in various industries, it is not only necessary to consider the efficiency of energy consumption or carbon dioxide emission, but also the fairness and feasibility principle of the distribution scheme. 
